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SECTION A — ANSWER ALL QUESTIONS

Q1

Q2

(a)

(b)

(©

(a)

List ONE (1) surrounding phenomenon on magnetostatic concept and discuss
the working principles of the phenomenon based on the definition of Biot Savart’s

Law.
(5 marks)

State THREE (3) similarities and difference between Electric Field and Magnetic

Field
(6 marks)

A rectangular conducting loop shown in Figure Q1 (c) lies in the z = 0 plane and
carries a current I in the counterclockwise direction. Prove that at the center of the

817~
Z.

loop, the magnetic field intensity is given by H = r
ra

(14 marks)

Indicate whether electromotive force (EMF) induced in the loop of each of the
following situations is clockwise, counterclockwise, or zero (EMF not induced).

Justify your answer.

) Magnetic field through a wire loop is pointed upwards and increasing with
time, as shown in Figure Q2 (a)(i).

(1) A rectangular wire loop is pulled away from a long wire carrying current /
in the direction shown in Figure Q2 (a)(ii).

(i) A rectangular wire loop is pulled upward though a uniform magnetic field
that point out of the screen penetrating the bottom half of the loop, as

shown in Figure Q2 (a)(iii).



(b)

(©)

BEB 20303

(iv) A rectangular wire loop is pulled sideways though a uniform magnetic
field that point out of the screen penetrating the bottom half of the loop, as
shown in Figure Q2 (a)(iv). Justify your answers.

(10 marks)

A plane of wingspan of 30 m flies through a vertical magnetic field of strength,
B =5 X 10* T. Calculate the electromotive force (EMF) induced across the wing
tips if the plane velocity is 150 m/s. Briefly explain why horizontal component of
the Earth’s magnetic field does not contribute to the EMF between the wing tips of
the plane.

(7 marks)

A square loop with length / =5 cm on each side is placed in a uniform magnetic
field, B=5 X 10° T pointing into the page. During a time interval, A7 = 2s, the
loop is pulled from its two edges and turned into a rhombus with angle, 6 = 60°, as
shown in the Figure Q2 (c). Assuming that the total resistance of the loopis R =
10 Q, calculate the average induced current in the loop 7 and its direction.

(8 marks)
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SECTION B - ANSWER TWO (2) QUESTIONS ONLY

Q3 (a) ‘An isolated magnetic charge does not exist’. Justify this statement.
(5 marks)

(b)  Consider an infinitely long coaxial transmission line consisting of two concentric

cylinders as shown in Figure Q3(a).

(i) By assuming the current distribution is uniformly distributed in both
conductors, determine the magnetic field intensity, / along the Amperian
path for all possible SIX (6) regions.

(16 marks)

(ii) Draw the magnetic flux lines which indicates the intensity of the magnetic

field intensity, A.
(4 marks)

Q4 A spherical capacitor is formed by two metallic spheres of radius a (inner sphere) and &
(outer sphere) with the separation between spheres d is as shown in Figure Q4. The
charge on the inner sphere is +Q and that on the outer sphere is —Q. The region in

between the spheres is filled with dielectric material with dielectric constant of &;.
(a) State the law that can be used to find the total electric flux in the region

between the spheres. Explain the law in the form of a sentence.
(3 marks)

(b)  Using the definition of law in Q4 (a), deduce the general formulation for
calculating the electric field intensity in the region between the spheres.

(6 marks)
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(e)

®
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Calculate the capacitance of the system.
(5 marks)

What is the capacitance of the isolated inner sphere? State clearly your
assumption for the solution.
(4 marks)

If the separation between the two spheres d is very small such that d << a, what is
the capacitance of this system? State clearly your approximation for the solution.

(4 marks)

From Q4 (b) — Q4 (e), how a capacitance value of a two conductors system can be

controlled?
(3 marks)

Consider a magnetic field intensity, H =25sin(2 x 108t + 6x)a, mA/m. If

the wave propagating through a nonmagnetic medium (1 = y,), determine:

(1) The direction of wave propagation, £,
(ii)  The permittivity of the medium, &,
(iii)  The electric field intensity, Eo.
(10 marks)

Given a 60-MHz plane wave travelling in the (-) x- direction in dry soil with relative
permittivity, & = 4 has an electric field polarized along the (+) z- direction. By
assuming the dry soil to be approximately lossless, and given that the magnetic field
has a peak value of 10 (mA/m) and that its value was measured to be 7 (mA/m) at
t =0 and x = -0.75, develop a complete expressions for the wave’s electric and
magnetic fields.

(15 marks)

- END OF QUESTIONS -
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Formula
Gradient
Vf~-j: +¥.9;
oy oz
6f Iaf BfA
Vi=L 4L
4 or roc;f(p 82
T 1T, 1
R 06 Rsm€6¢
Divergence
Ve Zzan 04, 04,
ox oy oz
Vgt o(r4,)] 104, a4,
r{ or r op Oz
vei oR’4,) 1 [o(4,sin6)] 1 o4,
R* OR Rsiné o6 Rsin@ o¢
Curl
- 0A 0A
Vi 0A, s s 0A, O0A, - y OA, 5
dy oz 0z ox ox Oy
5 0A % % olrA
vedo(124 Y. (o4, o1 1 (r4,) a4,
r o oz oz or r\ or 0¢
" olsin @ A4 5 6RA .
i bin64,) o4,1p 1] 1 o4 ( ¢)9+i ora,) 24,1,
Rsiné 06 o¢ R|sin@ 0¢ OR R| OR el
Laplacian
2
ES ay az
2
ror\ or r 6¢ oz*
2
szZ"l‘;{i(R@f“)Jr 21. i(singﬁf_}r%_ a{
R* R OR) R”sm@ 06 08) R sin“@\ og
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Cartesian Cylindrical Spherical
Coordinate
Vector A AX+Ay+A7Z AT+ A9+ Az AR+4,0+A4,¢
Magnitude 4 VA7 + 4,7+ 4] VA7 + 47+ 4] JAE + 4.7 + 4,
Position xX+y,¥y+22Z rr+2z,z RR
vector, OP for point P(x,, y,, z;) for point P(r,, ¢, z,) for point P(R,, 6,, ¢,)
Rex=Jey=iei=1 | Fei=¢eg=2ei=1 | ReR=0:0=¢<¢=I
i’y:y.i:i.i:o f"("\):(’l\).i:i.f':o R.BZO.(,I\):(?).R:O
Unit vector A A A A A Ao~
prduc £~ Fxj= Rxb-¢
yxzZ=X Pxz=r 8xp=R
e e oxR =6
Dot product
E AB. +AB +AB, | AB +AB,+AB, 4By + A,B, + A,B,
®
Xy z Poe oz R 0 ¢
%msg prodast 4, 4, 4, 4, 4, 4, 4, A, 4,
- B, B, B, B, B, B, B, B, B,
Differential N - N N - -
— dcx+dyy+dzz drr+rdp 9+dzz dRR +Rd6 0+ Rsin 6 d¢g
length, 7 7y oo smedpg
ds. =dydz % ds, =rdpdz ¢ dsr =R*sin@do dp R
Differential — R — R — . -
surface, = fy =dxdzy f,, =drdz@ iifa =Rsin@dRd¢0
ds. =dxdyz ds.=rdrdgz dss =RdRdAO ¢
Diff i
! erental dxdy dz rdrd¢dz R*sin@dRdOd¢
volume, dv
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Trahsformation Coordinate Variables Unit Vectors Vector Components
Carfesia.n to ;e /x2+y2 r=XCcos¢+ysing A, =A cosp+ A ssing
Cylindrical p :tan‘l(y/x) @ =-—Xsin g +ycos¢g A, =—A, sin¢+Ay cos ¢

zZ=Z i Az = Az
Cylindrical to x=rcos¢ X=rcos¢—@sing A, =4, cosp—A,sing
Cartesian y:rsin¢ i:f'sin¢+(i)cos¢ Ay:Arsin¢+A¢ cos¢
T=1 Z=1% A =4,
Cartesian to R = ksinf cos¢ A, = A sinBcosg

R=\J*+y*+7°

Spherical ¢ sin Osi 7 +A_sin@sing+ A_cosb
H:tan"‘(m/z) ) +ysin@sin ¢ +zcosh ,sin@sing+ A, cos
5 0 = Xcosf cos¢ A, = A, cosfcosg
g=tan (y/x) . .
+ycosfOsing—zsind | +A, cosfsing—A, sind
@ =-Xsing+ycos¢g A, =—A, sing+ A, cosg
Spherical to x =Rsiné cos¢ 2 =Rsinfcosg+ A, = A, sinfcosg
Cartesian _ Rsin s 5 o P L
y=Rsinfsin¢ 0cosf cosg—sin ¢ + 4, cosfcosg— 4, sing
= RecosO . ' _ . .
z=Rcos § = RsinOsing + A, = Ap sinfsin ¢
cosOsin g+ cosd + A, cosfsing + A, cos¢
z=Rcosd —0sin 6 4, S Hpreil=d, Snd
Cylindrical to R=-Jrtiz? R =fsin6+%cosd A, =A sin@+ A, cos
Spherical ~ — -
P f=tan"'(r/z) ®=rcosf—zsinb Ay =4, cosf~4,sin0
=4 ) 4 =4
Spherical to r=Rsin@ Ff=Rsinf+0cosb A, = A, sin @+ A4, cosd
Cylindrical _ A A .
? $=¢ =9 4,=4,
z=Rcosd Z=Rcos6—0Bsin6 A, = Ap cos6—4,sin 0
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0=[p,d,
0=|p,ds,
0=|p,av
- 00

Idi xR
AnR?
di=J as = Jav

$Hedi=1,, =[J.ds
VxH=J
:_‘-Etdg

dH =

sz;E-a@:o

wm=§zcd—2
VeB =0
B =,
B=VxA
o poldr
4R
VA=-pJ
— — — du
F= +uUxB)l=m—
ol )=m=
dF =Id?/xB
T=FxF=mxB
m=1ISa,
oy
Vv _=—-—"
emf 5t
6B -
w5
o I(ﬁxB dr
oD
I, =1J,dS,J,=—
J i ot
y=a+jp
pE o7
a=o |—I| j+—] -1
2 wE J

dr, xdf xaR )

e

L1L2

£, =8.854x10™" Fm™
u, =47 %107 Hm™

J‘ dx . X
2 1/2
(x2+cz)3/ 02(x2 +c2)

xdx -1
I(xz +cz)3’!2 B (x2 +cz)1/2
lrt(x%-\/x2 ic2)

[
e
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jm :—;—Zn(x2 +cz)
I(—Qj—dx;)j/?: x*+c?
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